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Abstract 
River recreation is a rapidly expanding source of economic productivity. Angler spending has been used as the basis 
for estimating the regional economic estimates of local income and jobs in several water-limited systems of the 
western United States and Mexico. However, the contribution of outdoor recreation to the economies of regions that 
do not experience water scarcity continues to be underappreciated. This paper estimates the economic contribution 
of angling to the lower Connecticut River Watershed (CRW) economy. The authors draw upon existing angler ex-
penditure, river flow and geographic information system (GIS) data to relate anger use of the lower CRW and ex-
penditures to river flows. The authors then translate angler expenditures into state income and employment using a 
regional economic multiplier. The results show that fishing expenditures of $62.8 million per year equate to $74.2 
million annually in supply chain revenues which supports 1660 jobs. The authors identified a significant positive 
relationship between fishing intensity and river flow rates, which suggests that decreasing current water diversions 
on the lower CRW by just 25% would add an additional $37 million and 638 jobs to Connecticut’s economy. The 
findings demonstrate that investments in managing the health the CRW through flow restoration can have large 
economic and ecological pay-offs.  
Keywords: instream flows, natural resource economics, recreation economy, river management, fishing expenditures. 
JEL Classification: Q25. 
 
Introduction © 
Water has been recognized as an important economic 
commodity for millennia. The market value of water 
as defined by agriculture, energy, public water 
supply, and manufacturing often compete with ‘non-
market’ and ‘nonuse’ values, or instream flows (i.e. 
undiverted water). Instream flows represent a sector 
of river productivity that is recently receiving atten-
tion as a major economic contributor to local and 
regional economies (Brauman et al., 2007; Hickey & 
Diaz, 1999; Loomis, 1998; Ward et al., 1996; Ojeda 
et al., 2008). Instream water uses are many and varied 
including recreation, aesthetics, hydroelectric power, 
and riparian habitat to name a few. Of these, river 
recreation is a rapidly expanding source of economic 
productivity that generally increases with increased 
instream flow up to some optimum threshold that 
maximizes fish survival and reproduction (Walsh et 
al., 1987; Ward, 1987; Shelby et al., 1992). 
River recreation activities generate comparable rev-
enues to those generated by market-based diversio-
nary water uses (Douglas, 1998; Loomis and Coop-
er, 1990). Recreation expenditures by anglers pro-
vide jobs and income to local residents which sup-
port regional economic growth (Cordell et al., 
1990). Angler spending has been used as the basis 
for estimating the regional economic estimates of 
local income and jobs in several water-limited sys-
tems of the western United States and Mexico (i.e. 
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Harris and Rea, 1984; Douglas and Harpman, 1995; 
Loomis, 2008; Ojeda et al., 2008). However, angler 
expenditures also represent significant contributions 
to the regional economies of places that do not cur-
rently suffer from water scarcity.  
This paper estimates the economic contribution of 
angling to the lower Connecticut River Watershed 
(CRW) economy. We draw upon existing angler 
expenditure, river flow, and geographic information 
system (GIS) data to relate anger use of the lower 
CRW and expenditures to river flows. We then trans-
late angler expenditures into state income and em-
ployment using a regional economic multiplier.  
We focus on the lower CRW (the reach of the river 
within the state of Connecticut) because the Connecti-
cut River is among the most dynamic, densely occu-
pied, and regulated working river systems on Earth. 
The CRW as a whole, and the lower CRW in particu-
lar, host a wide range of competing land uses making 
it a particularly interesting and important case (Figure 
1). The lower CRW serves as a prime example of the 
numerous trade-offs required of environmental man-
agers and policy makers who must continually priorit-
ize competing water uses. The waters along the Con-
necticut portion of the CRW are used for mills, trans-
portation, irrigation, power plant cooling, hydroelectric 
generation, and, most importantly for the purposes of 
this paper: outdoor recreation (Griswold, 2012; 
USFWS, 2007; Crumbler, 1991; Gordon, 1983; Buck 
& Rankin, 1972). Moreover, to our knowledge, no one 
has attempted to quantify the value of instream flows 
in this river or elsewhere in New England. 
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Source: Taken from the National Landcover Dataset (2001). 
Fig. 1. The location of the lower Connecticut River Watershed (CRW) situated within the entire CRW and the land uses
1. Methods  
1.1. Data sources. We used data from the most recent 
(2006) USFWS National Survey (USFWS, 2007) on 
the total freshwater expenditures in Connecticut to 
estimate the total economic impact of recreation in the 
lower CRW. The survey reported data at the state level 
and included expenditures for the entire state. For this 
project, we determined the proportion of the land area 
of Connecticut that was covered by the CRW to esti-
mate the portion of the expenditures that likely oc-
curred within the lower CRW (assuming a uniform 
distribution of outdoor recreational activities across the 
state). We obtained the CRW boundary from the na-
tional watershed boundary dataset that is freely availa-
ble at: http://water.usgs.gov/GIS/huc.html. This site 
supplies geospatial watershed data at a variety of 
scales ranging from the sub-basin to watershed level. 
1.2. GIS analysis. The expenditures attributable to 
the lower CRW were estimated by calculating the 
area of the lower CRW relative to the total area of 
the state of Connecticut. The area of the lower CRW 
was determined by clipping the NLCD dataset by 
the lower CRW boundary layer using ArcMap 10 
(ESRI, 2010). After estimating the area of the lower 
CRW relative to the total aerial coverage of Con-
necticut, we estimated freshwater recreation-based 
expenditures by multiplying the total expenditures 
by the percent land area covered by the lower CRW. 
While we performed an analysis for a subsection of 
a large New England river, this method could be 
applied to a wide range of watershed sizes. In the 
case of smaller watersheds it may be more appropri-
ate to use county-level data to generate data about 
the area of the watershed relative to the size of the 
counties that encompass the watershed, although the 
scope of analysis may depend upon data availability. 
1.3. Translating expenditures to income and jobs. 
Following Loomis (2008) and Harris and Rea (1984), 
we used the economic input-output life cycle assess-
ment (EIO-LCA) model to convert expenditures to 
supply-chain inputs into the economy and employ-
ment for each of the freshwater fishing-associated 
sectors of food, lodging, transportation, and equip-
ment (Carnegie Mellon University Green Design 
Institute, 2008). Unlike other regional multipliers 
like RIMS II (Haimes, 2009) or IMPLAN (Olson & 
Lindall, 2004), EIO-LCA has a freely available web 
interface that can be used to estimate total economic 
output, jobs, or emissions for an industry. We em-
ployed the 1997 combined state model and built a 
custom EIO-LCA based on the sectors of (1) scenic 
and sightseeing transportation and support activities 
for transportation; (2) food services and drinking 
places; (3) lodging in the form of camping; and (4) 
equipment. We chose camping as a conservative 
estimate of lodging expenditures because in-state 
residents – who tend not to stay in hotels to engage 
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in outdoor recreation – are responsible for the majority 
of hunting, fishing, and wildlife watching within the 
lower CRW. We parsed the combined food and lodg-
ing expenditures in the USFWS (2007) report by using 
the proportion of food and lodging from the US Cen-
sus Bureau (2001) National Survey of Fishing Hunting 
and Wildlife-Associated Recreation for Connecticut. 
We used this estimate because it was the last time 
these figures were reported independently by sector.  
We correlated angler hours (fishing effort) with 
mean monthly flow (fide Brown et al., 1991; Duf-
field et al., 1992) using data from Davis (2011) to 
examine the relationship between streamflow and 
economic output. We removed outliers from this 
dataset on dates with high fishing intensity regard-
less of flow rate (e.g. opening day for trout fishing, 
Memorial Day Weekend). Streamflow data were 
calculated as mean annual river flow in million gal-
lons per day (MGD) at Thompsonville, CT using 
USGS gauging station data on flows from October 
2007 through May 2012 (covering the entire instru-
mental record). Thompsonville is the most southerly 
USGS gauging station on the Connecticut River that 
reports river discharge data rather than just gauge 
height alone. We used the regression equation from 
this analysis to convert annual state income and jobs 
from CRW recreation to dollars and jobs per MGD. 
A large proportion of water in the Connecticut sec-
tion of the CRW is diverted for human consumption, 
irrigation, and manufacturing. We used authorized 
withdrawal and diversion data for the Connecticut 
portion of the CRW (Gannon, 2007) to convert the 
amount of water withdrawals in MGD to recreation-
based income and jobs in the lower CRW based on 
the economic output of mean annual river flows. 
2. Results  
2.1. River recreation contributions to the lower 
CRW economy. The lower CRW covers 28.5% of 
the land area of Connecticut. Total freshwater fish-
ing revenues for Connecticut totals $243 million 
annually (USFWS, 2007), meaning that river 
recreation in the lower CRW generates $62.8 mil-
lion a year. The EIO-LCA model suggests that ang-
ler expenditures in the lower CRW contribute $74.2 
million annually in supply chain revenues and sup-
port approximately 1660 jobs to the Connecticut’s 
economy. These include both direct jobs in the 
recreation industry (e.g. guides, boat charters) as 
well as indirect jobs in surrounding retail, food, and 
lodging establishments.  
Table 1. Recreational fishing-associated expendi-
tures, income, and jobs in the lower Connecticut 
River Watershed 
River flows 
Discharge 
(MGD) 
Expenditures Income Jobs 
Mean annual 
flow 
11064 62.8 74.2 1660 
All authorized 
withdrawals 
6353 36.1 42.6 953 
Return/withraw 
25% 
1588 9.0 10.7 238 
Return/withdraw 
50% 
3177 18.0 21.4 476 
Return/withdraw 
75% 
4666 27.0 32.1 714 
Note: The table presents the economic effect of removing or retur-
ing 25%, 50% and 75% of the current authorized withdrawals to the 
river. Discharge is in million gallons per day (MGD). Expenditures 
and income are reported in millions of dollars. 
2.2. Angler hours versus river flow rate. We iden-
tified a significant positive relationship between 
angler hours and river flow in the lower CRW (P = 
0.0001, R2 = 0.54) (Figure 2). While there is pre-
sumably some upper limit to the increase in 
recreation with river flow where more visitors will 
cease to use the river at high levels or flood condi-
tions, our data indicate that in general, greater in-
stream flows are related to more angler activity.  
The linear relationship between angler intensity and 
stream flow, when combined with the EIO-LCA 
models, suggests that the currently authorized diver-
sions from the lower CRW, which total a surprising 
6353 MGD (~ 30% of total potential flow of water 
within the lower CRW) (Gannon, 2007), cost the 
region $36 million in angler expenditures. These 
expenditures would provide approximately $40 mil-
lion per year in total revenues, and nearly 1000 jobs 
(Table 1). Increasing diversions by an additional 
25% would lead to a large reduction in economic 
productivity in the recreation sector, which would 
cost the state almost $11 million per year and lead to 
the loss of more than 200 jobs. Reducing water di-
versions by the same amount would boost the econ-
omy accordingly.  
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Source: Data taken from Davis (2011). 
Note: P = 0.0001. 
Fig. 2. Relationship between Connecticut River flow rate in million gallons per day (MGD) versus 
fishing intensity (angler hours/10) 
3. Discussion 
Our results demonstrate that river recreation has a 
substantial impact on the economy of the lower CRW. 
Increasing water diversions in highly urbanized re-
gions of the CRW (like Connecticut) will have nega-
tive economic impacts on southern New England. Our 
results highlight the value or river recreation and the 
economic importance of maintaining healthy fish habi-
tat that supports the fishing industry. Not only do in-
stream flows support the economy, but the alteration 
of stream flow can have direct and substantial effects 
on regional economic productivity and employment. 
Further, such economic value could be threatened by 
future water withdrawals without sustainable wa-
tershed management.  
Our findings show that investments in managing the 
health of stretches of the CRW in Connecticut and the 
larger CRW as a whole through flow restoration can 
have large potential pay-offs. Improving the flow and 
allowing for the reestablishment of natural season 
flood cycles within the CRW can generate both new 
jobs and more revenues both in Connecticut and across 
the three other watershed states. Conservation and 
restoration of the CRW is not simply cost, it is an in-
vestment and serves as another reason speaking in 
favor of the protection and the renewal of rivers and 
wetlands within New England. 
The link between protecting instream flows and 
maintaining river health is obvious. Many large bo-
died sport fish, such as brook trout, shad, and Atlantic 
salmon, require deep fast moving river and stream 
habitat, habitat that is reduced when stream flow de-
creases (McCargo & Peterson, 2010). Even in the 
Northeast, where water shortages have not traditional-
ly been a problem, withdrawals from rivers and 
streams have grown to the point where they are begin-
ning to have a pronounced adverse effect on the avail-
ability of habitat for many of the fish favored by an-
glers (Kanno & Vokoun, 2010). On top of this threat, 
disruption of seasonal flood cycles also interferes 
with fish spawning and places a further pressure on 
fish populations (King et al., 2009; King et al., 
2010). In the Connecticut River Basin, the com-
bined effects of reduced stream flow and the disrup-
tion of seasonal floods have already resulted in sig-
nificant reduction in biodiversity, which eventually 
will have an impact on recreational fishing (Kanno 
& Vokoun, 2010). Projections suggest that if future 
stream flow continues to decrease at current rates, 
there could be as high as a 33% increase in monthly 
brook trout mortality, putting this key angling spe-
cies at risk of extinction (Xu et al., 2010). 
Freshwater flows in tidal rivers such as the Connecti-
cut (which experiences a tidal effect 67 km northward 
through Hartford, CT) can also have tremendous ef-
fects on saltwater ecology and thus saltwater recrea-
tional revenues. For example, Atlantic cod was among 
the most economically valuable and desired sportfish-
ing species in New England until its population 
crashed. It is often thought of as an offshore, deepwa-
ter species, or one that feeds on crustaceans. However, 
it used to swim upstreams chasing herring, shad, and 
alewife as prey. Likewise, many anadromous fishes 
such as Atlantic salmon have historically depended on 
the lower CRW for breeding, living out the rest of their 
lives at sea. These species are beginning to return to 
this region, but their recolonization and success de-
pends upon undammed rivers and healthy instream 
flows (Letcher and King, 2010). This suggests that 
promoting freshwater instream flows will not only 
promote freshwater angling activity, but that it could 
also bolster Connecticut’s $650 million saltwater an-
gling industry. 
Conclusion 
This study demonstrates the economic importance of 
non-market recreational uses of water. Others have 
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used regional economic multipliers to estimate the 
value of instream flows (Hickey & Diaz, 1999; Loo-
mis, 1998), however our approach stresses the eco-
nomic contributions of instream flows to the econo-
mies of non-arid regions. Moreover, the method we 
employed in the current study incorporates freely 
available data and multipliers, meaning that it could be 
readily applied to any number of watersheds across the 
country regardless of size. Our results indicate that 
decreasing water withdrawals could have major im-
pacts on the economy of the CRW. While tradeoffs are 
inherent in water resources management, estimating 
the value of water left in the river is an important first 
step in understanding the ramifications of water with-
drawals on ecosystems and regional economies. Unde-
restimating the value of the recreational or aesthetic 
opportunities provided by water can lead to the devel-
opment of water allotment schemes that fail to recog-
nize the value of instream flows to local and regional 
economies. 
References 
1. Brauman, K.A., Daily, G.C., Duarte, T.K., Mooney, H.A. (2007). The Nature and Value of Ecosystem Services: 
An overview highlighting hydrologic services, Annual Review of Environment and Resources, 32, pp. 67-98. 
2. Brown, T.C., Taylor, J.G., Shelby, B. (1991). Assessing the Direct Effects of Streamflow on Recreation: A litera-
ture review, Water Resources Bulletin, 27, pp. 979-989. 
3. Buck, J.D., Rankin, J.S. (1972). Thermal Effects on the Connecticut River: Bacteriology, Water Pollution Control 
Federation, 44, pp. 47-64. 
4. Crumbler, J.T. (1991). The Early Making of an Environmental Consciousness: Fish, Fisheries Commissions and 
the Connecticut River, Environmental History Review, 15, pp. 73-91. 
5. Cordell, K.H., Bergstrom, J.C., Ashley, G.A., Karish, J. (1990). Economic effects of river recreation on local 
economies, Water Resources Bulletin, 26 (1), pp. 53-60. 
6. Davis, J.P. (2011). Angler survey of the Connecticut River, Storrs: EEB Articles, available at: http://digitalcommons. 
uconn.edu/eeb_articles/25 (accessed July 26, 2012). 
7. Douglas, A.J. (1998). Annotated bibliography of economic literature on instream flows, Biological Report 88 (39), 
Washington D.C.: U.S. Fish and Wildlife Service. 
8. Douglas, A.J., Harpman, D.A. (1995). Estimating recreation employment effects with IMPLAN for the Glen Can-
yon Dam Region, Journal of Environmental Management, 44, pp. 233-247. 
9. Duffield, J.W., Neher, C.J. (1992). Recreation Benefits of Instream Flow: Application to Montana’s Big Hole and 
Bitterroot Rivers, Water Resources Research, 28, pp. 2169-2181. 
10. Earth Systems Research Institute (2010). ArcMap version 9.3. Redlands, CA. 
11. Gannon, C. (2007). Hydrologic alteration of the Connecticut River watershed: authorized water withdraw-
als/diversions and discharges in Massachusetts and Connecticut. Northhampton: The Nature Conservancy, 
http://conserveonline.org/workspaces/ctriver/documents/papers (accessed July 26, 2012). 
12. Gordon, R.B. (1983). Materials for Manufacturing: The response of the Connecticut Iron Industry to Technologi-
cal Change and Limited Resources, Technology and Culture, 24, pp. 602-634. 
13. Griswold, W. (2012). A History of the Connecticut River, Charleston: The History Press. 
14. Haimes, Y.Y. (2009). 18.7 Regional Input-Output Multiplier System (RIMS II). In: Y.Y. Haimes. Risk Modeling, 
Assessment, and Management, Hoboken: Wiley, pp. 838-840. 
15. Harris, T.R., Rea, M.L. (1984). Estimating the Value of Water among Regional Economic Sectors Using the 1972 
National Interindustry Format, Water Resources Bulletin, 20, pp. 193-201. 
16. Hickey, J.T., Diaz, G.E. (1999). From Flow to Fish to Dollars: An integrated approach to water allocation, Journal 
of the American Water Resources Association, 35, pp. 1053-1067. 
17. Kanno, Y., Vokoun, J.C. (2010). Evaluating Effects of Water Withdrawals and Impoundments on Fish Assem-
blages in Southern New England Streams, USA, Fisheries Management and Ecology, 17, pp. 272-283. 
18. King, A.J., Tonkin, Z., Mahoney, J. (2009). Environmental Flow Enhances Native Fish Spawning and Recruitment 
in the Murray River, Australia, River Research and Applications, 25, pp. 1205-1218. 
19. King, A.J., Ward, K.A., O’Connor, P., Green, D., Tonkin, Z., Mahoney, J. (2010). Adaptive Management of an Envi-
ronmental Watering Event to Enhance Native Fish Spawning and Recruitment, Freshwater Biology, 55, pp. 17-31. 
20. King, T.L., Letcher, B.H. (2001). Parentage and grandparentage assignment with known and uknown matings: 
application to Connecticut River Atlantic salmon restoration, Canadian Journal of Fisheries and Aquatic Sciences, 
58 (9), pp. 1812-1821. 
21. Loomis, J.B. (2008). The Economic Contribution of Instream Flows in Colorado: How angling and rafting use 
increase with instream flows, Fort Collins: Colorado Department of Agriculture and Resource Economics. 
22. Loomis, J.B. (1998). Estimating the Public’s Values for Instream Flow: Economic Techniques and Dollar Values, 
Journal of the American Water Resources Association, 34, pp. 1007-1013. 
23. Loomis, J.B. (1990). Economic benefits of instream flow to fisheries: A case study of California's Feather River, 
Rivers, 1, pp. 23-30. 
24. McCargo, J.W., Peterson, J.T. (2010). An Evaluation of the Influence of Seasonal Base Flow and Geomorphic 
Stream Characteristics on Coastal Plain Stream Fish Assemblages, Transactions of the American Fisheries Socie-
ty, 139, pp. 29-48. 
Environmental Economics, Volume 3, Issue 3, 2012 
 98
25. Ojeda, M.I., Mayer, A.S., Solomon, B.D. (2008). Economic Valuation of Environmental Services Sustained by 
Water Flows in the Yaqui River Delta, Ecological Economics, 65, pp. 155-166. 
26. Olson D, Lindall S. (2004). Micro IMPLAN Users Guide Version 3. Stillwater: MIG Inc., www.implan.com (ac-
cessed July 26, 2012). 
27. Shelby, B., Brown, T., Taylor, J. (1992). Streamflow and Recreation. General Technical Report RM-209 (revised). 
Rocky Mountain Forest and Range Experiment Station, USDA Forest Service, Fort Collins, CO 80526. 
28. U.S. Census Bureau (2001). 2001 National survey of fishing, hunting, and wildlife-associated recreation, Connect-
icut, Washington: Government Printing Office. 
29. U.S. Fish and Wildlife Service (2007). 2006 National Survey of Fishing, Hunting, and Wildlife-Associated 
Recreation: National Overview, Washington: Government Printing Office. 
30. Ward, F. (1987). Economics of Water Allocation to Instream Uses in a Fully Appropriated River Basin, Water 
Resources Research, 23 (2), pp. 381-392. 
31. Ward, F.A., Roach, B.A., Henderson, J.E. (1996). The Economic Value of Water in Recreation: Evidence from the 
California drought, Water Resources Research, 32, pp. 1075-1081. 
32. Wilson, M.W., Carpenter, S.R. (1999). Economic Valuation of Freshwater Ecosystem Services in the United 
States: 1971-1997, Ecological Applications, 9, pp. 772-783. 
33. Xu, C.L., Letcher, B.H., Nislow, K.H. (2010). Size-dependent survival of brook trout Salvelinus fontinalis in 
summer: effects of water temperature and stream flow, Journal of Fish Biology, 76, pp. 2342-2369. 
